T he centennial of Emil Fischer's ''lock-and-key'' description of biochemical interactions (1) , commemorated a few years ago, reminded chemists of the long history of molecular recognition. How and why molecules fit together, and the weak intermolecular forces that act on them, are questions of complementarity-of size, shape, and chemical surface. In biology, nowhere is the answer more apparent than in the structure of the DNA double helix. In chemistry, no single structure has had as much impact, but Charles Pedersen's discovery of crown ethers (2) in the 1960s established the ''ion-in-the-hole'' formula for recognition. Syntheses of macrocyclic polyethers to encircle metal and ammonium ions proliferated and persist to this day. Additionally, synthetic receptors with different concave shapesclefts (3), armatures (4), tweezers (5, 6) , bowls (7) , and others (8, 9)-were devised. Their inner surfaces could be tailored to recognize the outer surfaces of more complex target structures. As these synthetic receptors became more sophisticated, it was manifest that structures could be created that completely surrounded their targets: molecules within molecules.
The first of these structures consisted of networks of covalent bonds that acted as roughly spherical hosts to seal in their guests. They were invented by Collet and coworkers (10) (cr yptophanes) and Cram et al. (11, 12) (carcerands), and the ominous names ref lect the irreversible nature of their binding: mechanical forces rather than chemical attractions held the guest within the host. Subsequently, organic frameworks could be gathered with noncovalent forces; they self-assembled into capsular structures that more or less completely surrounded their guests but bound them reversibly.
Our first examples made use of hydrogen bonds (13) (two more recent structures are shown in Fig. 1 a and d) . Alternative host assemblies using stronger metal͞ ligand interactions were devised by Fujita et al. (14) and Raymond and coworkers (15) . They provide spectacular architectures, examples of which are shown in Fig.  1 b and c. We term all of these structures ''encapsulation complexes.'' Encapsulated molecules are removed from a solvation cage and placed in enforced proximity to the host and, when space permits, to other guests. This constrained environment governs the guest's encounters with potential reactive partners and fundamentally alters their concentrations (molecules per volume). This influence is exerted for the duration of the lifetime of the encapsulation complex, which may be from milliseconds to hours. The intimate relationship that is implicit in the existence of molecules within molecules gives rise to a number of intensified properties, but the host's control over guest reactivity is perhaps the most tangible illustration of this connection.
Encapsulation complexes have been used to accelerate, even catalyze, chemical reactions within their cavities and are proving increasingly useful for the isolation of reactive species. They provide alternatives to inert solid matrices and nearvacuum gas phases, because encapsulation takes place at ambient temperatures in solution. The control of molecular reactivity by a self-assembled encapsulation complex was first observed within supramolecular capsule 2 (Fig. 1a) (16-18) . Two reactive partners, 9 and 10, are encapsulated simultaneously within the host. During this event-transient on the human timescale but interminably protracted on the timescale of diffusion complexes in bulk solvent-they are held in enforced proximity to each other, and acceleration of the bimolecular DielsAlder reaction is the result (Fig. 2a) . Adduct 11 is ejected from the capsule in favor of two molecules of starting material 9, and catalytic turnover is observed (19) . A recent example allows the direct observation of the encapsulated ''Michaelis complex'' (not shown) (20) .
Control of reactivity by supramolecular capsules includes the stabilization of reactive species that are not otherwise observed in free solution. Fujita showed that tennis-ball-shaped noncovalent dimers of molecules such as 12 are formed within the cavity of capsule 4a (Fig. 2b) (21, 22) . Free in solution, such a dimer would have little reason to form. Within the confined environment of the capsule, however, a variety of such elongated molecules are encouraged to associate.
The analogous Pt-based capsule 4b demonstrates an even more impressive feat: aryltrimethoxysilanes undergo a sol-gel condensation to form polymeric species, but in the presence of host 4b, this reaction follows a different course. The process is halted after the formation of cyclic silanol trimers (13) within the cavity of the supramolecular capsule (Fig. 2c) (23) . Cyclic silanol oligomers of this type have long been considered intermediates in the sol-gel condensation, but the highly reactive cyclic trimer had never been directly observed. Trapping the intermediate within an encapsulation complex allowed the examination of this species using NMR, mass spectrometry, and even x-ray crystallography under ambient conditions (22, 24) .
The relative concentration of species within a supramolecular capsule is not easily defined but can be expressed in terms of the volume available to a single isolated molecule. Recent work by Raymond and coworkers has demonstrated that this concept has very real consequences (25) . Capsule 6 exists in aqueous solution but, in the absence of a suitable guest, the ''empty'' cavity is filled with adventitious molecules of acetone remaining from the preparation. Treatment of the ''empty'' capsule with triethylphosphine results in a new encapsulated species, identifiable as the cationic adduct of triethylphosphine and acetone (Fig. 2d) . This adduct (14) is a known species, but it is unstable in aqueous solution. Segregating the components of this equilibrium within encapsulation complex 6 results in an encapsulated reactive species that experiences negligible concentration of water in aqueous solution.
The isolation of encapsulated compounds from solution can have profound effects on the reactions they undergo. But what about systems in which molecular capsules are simply used to bind and segregate different components of a reaction? The simple compartmentalization of reagents by molecular capsules within a single solution can give rise to deceptively complex kinetic behavior. Reversible encapsulation of dicyclohexylcarbodiimide (DCC), a dehydrating agent for coupling amines with carboxylic acids, is accomplished by cylindrical host 8 (26) . Addition of benzoic acid 15 and aniline 16 to the solution of DCC encapsulated within capsule 8 sets off a reaction cascade (Fig. 3) (27) . Trace DCC that is free in solution promotes the formation of an amide bond between the acid and aniline reactants. The products are anilide 17 and dicyclohexylurea, both of which are better guests for capsule 8 than DCC. As the new products are generated, they displace increasing amounts of DCC from the segregated environment provided by the capsule, and the rate of the reaction increases as the reaction proceeds. The rate profiles are sigmoidal in character and are reminiscent of autocatalysis: the product accelerates its own formation. However, this is not an example of classical autocatalysis, as no catalyst is present in the system. The behavior that arises is based on recognition, the earmark of selfreplication. The nonlinear kinetics can be viewed as an emergent property of the system as a whole, a partnership of com- partmentalization and molecular recognition that gives rise to chemical amplification. This enigmatic result highlights the role that compartmentalization may play in the creation and maintenance of complex systems.
Molecules can behave in extraordinary ways when specific encounters with neighboring molecules are controlled and the inf luence of the solvent is eliminated. Nature achieves this feat by cloaking small molecules in proteins and nucleic acids, rigorously controlling the collisions and concentration of the guest molecule, but at the same time denying chemists the opportunity to carry out simple physical organic studies on reactive components. In contrast, encapsulation complexes are readily accessible systems operating in homogenous media at room temperature. Encapsulation complexes are not intended as models for biological receptors, but their aptitude for encapsulating transition states (the moving targets of reaction processes) and reactive intermediates (the moving targets of physical chemists) has made them a promising venue for the creation and study of unique molecules and unique molecular behavior.
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